Microbially influenced corrosion (MIC) of stainless steel welds has occurred in natural sea water or fresh water. SUS304AB containing Ag has an antibacterial ability. The antibacterial ability of SUS304AB against Bacillus megaterium and Pseudomonas putida was investigated using the film adhering cell suspension method, and also the effect of weld scale on the MIC resistance was investigated by means of corrosion tests for 140 days. The results were as follows;
Introduction
Over the past few decades, a considerable number of studies have been conducted on MIC for stainless steel welds 1 8) . It has been recognized that MIC occurs in fresh water environments such as river water and subterranean water. The authors have investigated case studies on stainless steel welds which experienced MIC in fresh water 9 11) . The results indicate that most of MIC takes place in the weld metal and the HAZ. There Recently, the antibacterial materials have been vigorously developed as a response to outbreaks of food poisoning by -157 or yellow staphylococcus 12 13) . SUS304AB, to which 0.04% Ag is added, has the antibacterial and anticorrosion properties. It has been reported that SUS304AB have the antibacterial ability against infectious bacteria such as Staphylococcus aureus, Escherichia coli and Salmonella enteritidis 13) . But little is known about the antibacterial ability of SUS304AB against MIC inducing bacteria.
In this study, firstly, we have examined the antibacterial ability of SUS304AB against MIC inducing bacteria such as aerobic heterophic bacteria. Secondly, we have investigated the MIC resistance of SUS304AB welds with the aim of using these in welded structures. In particular, the effects of weld scale on MIC resistance have been studied in comparison with SUS304 welds.
Materials and Experimental Procedure

Antibacterial Investigations
Test Materials and Types of Bacteria
The materials used for the antibacterial investigations were 
Test Solution
The MIC inducing experimental case water was used as the test solution. Table 2 shows the results of water quality analysis of the experimental case water. Two kinds of aerobic heterotrophic bacteria Bacillus megaterium and Pseudomonas putida, Sulfate Reducing Bacteria (SRB) and Sulfur Oxidizing Bacteria (SOB) were identified and isolated within the experimental case water. From our prevoius studies 9) , it is clear that these bacteria are the cause of MIC. Nutrient-Broth (NB), which was adjusted to concentrations of 0.01% and 0.001% using pure water, was added to the test solution in order to animate these bacteria. Table 2 Results of water quality analysis about case water 1: mS /m, 2: mg / ml, 3: cfu / ml, 4: MPN / ml measure the open-circuit potential E SP ), the copper wire was solder bonded to the test coupon. Table 3 shows the conditions of the corrosion tests for 140 days. Half of the test solution was replaced by fresh water each 14 day cycle so as to keep the bacteria active.
Corrosion Test Methods
Analysis after Corrosion Tests
After the completion of the corrosion tests of duration 140 days, we carried out observation of bacterial adhesion and measurement of the number of the adherent bacteria by means of an incident-light fluorescence microscope, and checked for the presence of corrosion pits using a scanning electron microscope (SEM) on the surfaces of the test coupon.
Results and Discussion
Antibacterial Ability of SUS304AB Base Metal
In the first instance, we examined the antibacterial ability of SUS304AB base metal against two kinds of aerobic heterotrophic bacteria, which were identified and isolated from the MIC inducing experimental case water. initially, decreased to less than 10 cfu after 24 hours on SUS304AB. Thus, the sterilization ratio, calculated using formula (1), was more than 99.9%. Consequently, SUS304AB was confirmed to have a antibacterial ability against Pseudomonas putida. In the case of Bacillus megaterium, the number of viable bacteria, which was 3.9 10 3 cfu initially, increased to 9.1 10 4 cfu after 24 hours on SUS304. Also, the number of viable bacteria, which was 3.9 10 3 cfu initially, increased to 8. Judging from the above, it is clear that bacteria which make spores such as Bacillus megaterium have the resistance for SUS304AB containing Ag.
Bacterial Adhesion and Increase of the Electrical
Potential of SUS304AB Welds
In order to apply SUS304AB to welding structures, it is From now on, we will discuss the MIC resistance of SUS304AB welds in comparison with SUS304 welds, based on the results of corrosion tests for 140 days. Simply put, if E SP is higher than the critical potential for localized corrosion (V C ), localized corrosion by MIC can occur. Furthermore, it has been recognized that E SP ennoblement is intimately involved with bacteria species in the biofilms 16) . Therefore, the first point that we should discuss is the bacterial adhesion on the material surfaces. Fig.7 shows micrographs, taken using a fluorescence microscope, of adherent bacteria on the weld metal of SUS304AB
and SUS304 test coupons after corrosion tests for 140 days. In these micrographs, bacteria of 1 3 m long are orange stained.
From these micrographs, we can say with reasonable certainty that the adherent bacteria on SUS304AB are less than for SUS304.
Furthermore, Fig.8 From this viewpoint, the number of adherent bacteria on SUS304AB was reduced to 1/10 of that on SUS304, but the number of adherent bacteria on SUS304AB was 10 5 cfu/cm 2 . This result is assumed to be due to the following reasons.
(1) Ag ions elute from the material itself and control bacterial multiplication on the surfaces of SUS304AB test coupons. But the new solution, which contains the bacteria, is supplied to the material surfaces at a higher rate rather than the sterilization rate by Ag ions. Amaya's report 17) . In addition, the result assumes that the distribution of Ag on the material surfaces was changed by welding. Fig.10 shows the effects of the surface treatment methods on the time variation of E SP for SUS304AB welded test coupons.
The E SP for all test coupons moved up and down until about the 30th day, and then leveled off at around 100 mV. We assume that the up and down movement of E SP was due to the inhomogeneous adherent biofilms. Even though the weld scale was removed by the surface treatment methods, the maximum E SP without the weld scale was almost equal to that with the weld scale. E SP ennoblement is intimately involved with the bacteria species in the adherent biofilms. However, it is likely that the weld scale did not affect the either bacterial adhesion or the E SP ennoblement as shown in Fig.10 and Fig.11 .
Effect of Weld Scale on MIC of SUS304AB Welds
In this section we will discuss the effects of the weld scale on MIC, based on SEM observation of corrosion test coupons of SUS304AB welds. HAZ. In the case of SUS304AB coupon C, many pits were observed at the weld metal and some small pits were observed near the grain boundaries of the HAZ. Table 4 shows the results of SEM observation for each coupon. For the SUS304AB coupons exposed to the experimental case water containing NB corrosion pits occurred at the weld metal and the HAZ but not the base metal. Consequently, it is inferred from these facts that the ANZAI Toshio et al. Effect of Weld Scale on MIC Resistance for SUS304AB Welds 184 By contrast, for the test coupons from which the weld scale was removed by polishing with the wet emery paper of 600 grit size and pickling HNO 3 5%HF , there were no corrosion pits.
The pits identified on the pickled test coupons were made by the pickling so it is reasonable to suppose that these did not derive from the corrosion tests. The fact that similar pits existed in the coupons before corrosion tests leads us to believe that these do not result from corrosion tests.
We considered the effect of the weld scale on the MIC resistance for the SUS304AB welds in the light of the above SEM observations. V C for as welded test coupons is reduced in comparison with test coupons from which the weld scale had been removed by surface treatment methods such as brushing, polishing and pickling. And also E SP rises due to the bacteria species in the biofilms. Consequently, E SP is higher than V C , and corrosion pits occur. On the other hand, even if the weld scale is removed, E SP rises due to the bacteria species in the biofilms but V C increases to higher level than that of the as welded test coupons, as shown by Azuma 18) . We believe that, in these tests, E SP was lower than V C and no corrosion pits occurred.
Conclusions
The antibacterial ability of SUS304AB was investigated for two kinds of aerobic heterotrophic bacteria which were identified and isolated within the MIC inducing experimental case water.
Also the effects of the weld scale on the MIC resistance of welds was studied in comparison with that of SUS304 welds. The following conclusions were obtained from the results.
(1) The results of the antibacterial examinations, indicated that SUS304AB had the antibacterial ability to Pseudomonas putida but not to Bacillus megaterium.
(2) In the corrosion tests for 140 days using the experimental case water, the bacterial adhesion on SUS304AB welds reduced to 1/10 of that on SUS304 welds, however SEM observation revealed corrosion pits at the weld metal and the HAZ of the as welded joints.
(3) No corrosion pits occurred after weld scale removal by brushing, polishing and pickling, but bacterial adhesion on SUS304AB welds could not be prevented.
